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An experimental fnvestigation -8 o d u o t a d  t o  determine the aero- ' 

dynamia oharwtaris.tica of  model0 of a t a i l l e s s ,  pursuit-type, eupersonio 
sirplane employing a wing of tr iangular plsn form. Severalmodifioations 
of the baeio airplane uere t e a t e d  end data ware obtained st trr0 Reynolds 
ztumberr at a W h  mnubar of 1.58. lkasurements of liff, drag, and 
pitching moment were made through an angle-of-attack range of -Eo t o  
+lSo, and measurements of side foroe, drag, and pw5r.g mctmezlt -re made , 
through an angle-of -p .  range  of -1' t o  +So. The w i n g s  uere equipped 
with constant=ahord, traillng-edge elevators; and the veefoal  fins 
Bith cmstant-ohord,  trailing-edge rudders. The elevator  defleotion 
angle was varied from 0' t o  -17.8°. &oh of twg vert iogl- ta i l  con- 
figurations were tested eth rudder angler of 0 and -9 . 

The elevator  effeotimxmra U&E found to ba independent of angle of 
attaok through the range fnvestigated and m ~ s  found to linearly 
with elmtor defleotian up to a or i t ica l   def leo t ion  mgle whiah ocruld 
be predioted. It was also  faund that the effeotivenesa of the slaPators 
improved w i t h  inoroaring Reynolds number. The models eAib i t ed  a vari- 
ation of drag ~ 5 t h  lift -oh wa8 only sl ight ly   greater  than that pre- 
dieted by -theory. 

All of the models tes ted  were longitudinally stable w i t h  the oenter 
of gravity looated'at 26 peroent of the  -an aeroayaamio ehord. How= 
ever. w i t h  the center of gravity in thia poaition, al l  the oonfigurations 
were either direationally-unstable o r  exhibited a 
that appears t o  be marginal. 

A uing of triangular  plan form w i t h  its apex 
suitable for cer tain -bypea of supersonio s f r o r a f i  

forward appears t o  be 
beoause theory indi-  
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of wings of  th is  type. (See referenoe 8.)  Although theory and experi- 
mnt i nd ioa te  satisf'aotory  oharaoteristics f o r  wings of triangular plea 
form, the effsot  of adding a fuselage and omt ro l s  t o  this type of 
wing requires further investigation, Several types of  trailing-edge 
f l a p s  on triangular wings have been tested in the transcmio range and 
the resul ts  o f  this investigation are reported in referenoe 4. How- 
ever,  the knowledge of' control  characteristios of suoh w h g s  at super- 
sonio speeds is still very limited. 

The present investigption pp88 undertaken to determine the aero- 
dynmio characterist ias at a Mach number of 1.53 o f  several configura- 
tions for a t a i l l e s s ,  pursult-.b.pe, mpereonio  airplane employing a 
wing of triangular plan form, and also to determine the control oharac- 
t e r i s t i oe  of amstant  chord elevators at the trail ing edge of such a ming. 

drag ooe f f i o  ient 

lift coefficient (*) - 
change in CL due to elevator  defleotion 

p i tohhg-momt  coefficient  referred t o  the 60-parcent 

ohange in Cm9 due t o  elevator deflection 

pitohjag-moment ooefficient referred to the Z5-percent 

yawing-moment coefflciont refcrred t o  the SO-percent 

ycr;wing-moment coefficient referred t0 the 26-percent 

MoAoC S h t i O n  

2 

1.I.A.C station 

&AoC 0 Station 

B8.A.C e statim 

r 

side-force ooeffioient ( s i d e P e )  
mean aeroaynamio ahord, E, inohes 

dpamlc pressure, pounds per square f o o t  
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a 

t o t a l  wing area, square imhea 

exposed plan area of elevators, square inohes 

angle of  attaok, degree8 

r a t e  of o w e  of  angle of attack w i t h  elevator defleotion 
at a o o n s t m t  1If't ooeffiaient 

elevator  defleotian angle, degrees 

rudder defleation angle, degrees 

angle of yaw, degrees 

Configuration Sy~nbOlS 

body with sharp-nose duet entrenoe 

body aith open duet entranos and 12' exterior nose angle 

p i l o t  ' 8 O m O P g  

single v e r t i o a l   f i n  and rudder 

twin vert ioal  f i n  and rudder8 at the wing t i p s  

b a s h  tr iangular aing with 60° leadb~g-edge sseepbsok 

modified triangular wing with leading-edgs fi l lets 

APPARATUS 

Wind Tunnel and Balanos Equipment * 

The investigation was oonduoted in the  Ames 1- by 3-foot aupersonio 
wind tunnel No. 1. This wind .-el is temporarily  equipped with a 
fixed nozzle designed for a Maoh nmfbor of 1.5 w i t h  a 1- by *foot t e s t  
sestion. The tunnel, balaaoe,-and other inatrumentation are desoribed 
in detai l  in refereme 5. HarrPever, in the preaent  investigation, pitoh- 
ing moments were determined by measuring the bending momenta in the  
sting supportlrfth a strain gage instead of measuring the reaotions on 
the main balanoe rprings as deaoribed in refereme 5. This change 
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introduced a oonsiderable improvement in the 
measurements. 

Models 

The airplane model tested is an examDle 

aoouracy of t h e  moment 

of a pursuit-type airoraft 
intended  for-flight a t  supersonio speeds. Three-few drawings of the 
various  oonfigurations  tested w e  shown in figure 1 and photographs of 
the models are s h m  in figures 2 through 6. The airplane has no hori- 
zontal tail and has a fuselage which is large  re la t ive  to  the wing. 
This size relationship is diotated by the large volume-weight r a t i o  of 
the ram-jet engine that is t o  be installed. 

. *  

The basio wing is m equilateral  triangle in plan form and has no 
dilzeedral. An NACA 651406.6 airfo i l  seotian irs used a t  all a e s e  
stations. A modified triangular wing with leadhg-edge root fillets 
(fie;. 5 )  'IRBB also  tested.  Control surfaoes of uonetant ohord (fig. 1) 
that extend a c r o ~ s  the ent i re  trai l ing edge of t h e  wing are to provide 
longitudinal and lateral  control. The elevator  deflections were 
obtained by making a series of similar w i n g s  and bending the appro- 
pr ia te   por t ion   o f the   t ra i l ing  edge of eachto  the  desired angle. 

Two ver t ioa l  fin-rudder oonfigurations are proposed t o  provide 
direct ional   s tabi l i ty  and cmtrol .  one oonfigwatian (fig. 2)  ha8 8 
large triangular fin with a amstant  ehord nrdder and a small ventral 
fin. Like the wings, the  angle of wreepbacrk of the fin leading edge 
is 60'. T h e  other  configuratian ha8 w b g - t i p  fins, also with 
oonstant  chord  rudders as shown in  figure 3. They t o o  are modified 
equi la teral   t r iangles ,  the lower eorner ha- been out o f f  t o  provfde 
ground qlearanoe. 

fuser having a 60' c m o  at the duot  entrmoe, as shown in figures 2 and 
3. T h e  angle of the duct l i p  was a lso  SOo and the &bum oross- 
seotioaal area of  the duct occurred at  the entranoe. The seoond bo@ 
had an openduct diver ent entry, the  exterior of whioh was formed by 
f'afring a trunoated 12 oone i n t o  the oylinderioal fiselage a s  shcmn in 
figures 4 and 5. The minimum duot area of *his oonf'iguratian a lso  
ooourred at  the entranoe, but unlike the previous oonf'iguration no super- 
sonio oompression pyas employed. The latter body was tested both with 
and without a p i lo t*  8 canopy. (See f ig .  4.) 

Twm body configurations wsre tested. One incorporated a shook dif-  

I3 

The models mre assembled from interuhangeable components t ha t  
attaahed  to an inner body whiah was d r i l l e d   t o   f i t  over the end of the 
st ing support and thereby prorrided a means of attaohing the model to the 
balanae beam. The sting was shielded from aerodynamfo foroes by a 
shroud that extended t o  within  one-sixteenth inoh of the base of the 

. 
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. 
inner body. This gap allowed the neueseary longitudinal motion result- 
ing from the defleotion of the drag gages. An orif  ioe was provided in 
the sting adjment t o  the baae of the inner body to measure the pressure 
aating on t h e  base. 

"HODS 

Test Method8 

Ih the first phase of the  t es t s ,  aerodynamio foross and momenta 
in pitoh were determined through an angle-of-attetok rmge of -So to + 5'. the normal def lectiolr range of the balanoe beam. In the next; 
phase. the angle-of-attaok rase;e w88 extended fram 5' t o  16' by 
replacing the s t ra ight  ating support with a sting having a loo i n i t i a l  
angle. PhotogrEphs of models instal led for both of these phase8 
appear in figure 66 In eaoh test lift, drag, and pitohing m0memt8 
were measured in 1 angle-of-atta.ok fnurements. As a r e su l t  o f  t&e 
defleotion of .the balanoe beam and t h e  s t i n g ,  the low angle-of-attaok 
range of the model was sl ight ly  greater than the range of t he  beam. 
At the high  positive angles of attack, the forces acting on the model 
were great; enough to defleat the  ating u n t i l  it fouled againet the 
surrounding shroud. This prevented angles beyond 10' o r  12' f'rm 
being attained at the high dynamio pressure oorresponding t o  the 
larger Reynolds number. 

In the   third phase of the t e s t  program the various oonfiguratiana 
were tested  through an angle-ofiyaw range of -lo t o  + g o .  This was 
aooomplished by mounting the models in the t u M e l  with the span of .the 
wings in a vergiaal  plane as shown in figure 6(o) and by using a 
ating with s 4 i n i t i a l  angle. Side-form, drag,  and yawhg mamsllt 
were measured at lo incrementa of angle of yaw. , 

In a l l   t h ree  phases, the angle of attack (or angle of yaw) of 
the model under load ma8 measured *th 8 ver t i ca l  oathetoneter and, 
as a oheck, was also oaleulated from the  measured lift (or efde 
foroe) and a predete-ed spring oonstant for the ba1-e beam aad 
sting. Both of these methods are desoribed in reference 3. 

All models were t e s t e d  at two m o l d s  auzdbers, 0.71 x lo6 and 
5.13 X 10'. based on the -89 aerodyngunio ohard of the wing. The 
w o l d s  number variation was obtained by varying t he  total pressure 
in the wkad tunnel. 

Method of Analysis 

foroes ware reduoed t o  standard dimensionless 
to fRoilit&X3 oampariaona, ooefficients for all 

. 
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A l l  drag data have buen oorreafed for the offeat of the  presaure 
aoting on the baee of the a e r  body. 

In order t o  reproduoe ae a l o e s 4  ae possible the flm oondftfonr 
that would e x i s t  mer tke exterior of the full-male airplane, 5% warn 
neuessary to provide for air flow .through the internal h o t  of fhe n a d s l 0  

It was oonsidered impradioa'l, howevew, to &rign *e interior of the 
model to oorreepond exaotly t o  the in te r ior  of the aokral afrplane. 
Therefore, t o  apply the reaults  obtained frm the ppodel t e s t s  to ao-1 
f l i g h t  oonditians it is neoeesary to subtract the i n o r d  of drag 
oaused by the internal flow in the model f'rom the total nwsmrsd drag 
and raplme it w%th Q value corresponding to the internal drsg of the  
mtual ai lans. An a prorimate -1- fo r  the infernal drag of tiha 
models u t i  Trf iting the & duot entranoe ras obtained in the following man- 
nerz First the drag of the B, fuselage without w i ~ g s  or vertloal fins 
was determined experimentallyo Then the 50' entranoe o m  of the B, 
entranoe wa8 r e p h e d  fry another eone that ~aontpletely plugged the duot 
8ntr~ume~ 'phis eliminnted the internal f laa snd aonesquently fhe ip- 
terpal drag. To reprodwe the orfgiaal drag or pressure distrit~~tias 
over the exterior of the fuselage aft of the oowlipg l ip ,  tro aondftioru 
had t o  be met: first, the rtreaar angle at the l i p  had t o  be tbe saam as 
w i t h  the nom1 entranoe, and seoo1Ld, the pressura at the lip had to lm 
the 8am9. boording t o  oaloulations the f i r a t  oondition required a 3S0 
oone t o  blook the paseage and the seoond a 48O 0 0 ~ 8 .  s h o e  both oondi- 
tione oould not be Fulfil led eimultaneouslg, the fuselne;e was tested w i t h  
both ernes. The p r e e m  drags for the 39 eo, and 600 xtoae eone8 
were oalaulated the method of Taylor and Llaaooll. (See refereme 6.1 
The internal drag lsas then crammed to be given tgr the fo l lod ing  equaticrrrr 

2 

where 

%e 

@as 

%3 

measured drag of B, fuselage with pod 60° o m  

measured drag of fuselage with 59' oone 

meamred drag of fuselage with 48' oone 

Das oaloulated drag of  39' oone 

%e oaloulated drag of 48' o m  
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The aoouraag of .the experimental &ta oan be determiPed eat& 
mating the unrrertainw of the fadividual measurements -oh enter 
into the determination of the final results, !he overall unoertainty 
of aqy gfven parameter o m  them be obtained geometrio summation of 
the unoertaizxtg of ea& of the faotors entering the final value of 
that parameter. This method of mouraciy m & W i S 0  deeoribed 3x1 detail 
in referenoe 5,  has been applied to ehe determiaation of the aero- 
Cb.llamf0 aoeffioienta for thia inveetigation, Sixme the mouraay  of 
the results varies normniformly with the magnitude of the fornos 
imolved (as desoribed in referexme S), an analysis wa? made for the 
arbitrary values of 0.2 lift ooefficient, 0.06 drag eoefficienta, aad 
0.01 moment aoeffiaient, These ooefficfenta are intermediate values 
obtained for the B, vx oonfiguration l r r f t h  PO elevator defleotion. 
The f o l l d n g  values for the unoertainty of the lift, drag, fmd 
moment ooef f ioients were obtsinedr 

Cme m d  ha f 00004 
-a T 

The major f'aotor oontributing to the unoertain* in the moment 
ooef fioient was the dfffiaulty in aoourately determlnhg the dist8nes 
between the effeotive  oenter of the s t i n g  moment gage and the osntroid 
of the wing. An error in the measuremnt of this dietanoe introduces 
an error in the measured m m n t  ooeffioient  that is oonstant for that 
partioular model installation. Consequently the slopes of khe moment 
oullves oan be  determined muoh more aomrately than 0821 the ac-1 
numerioal values of the ooeffioient. This is demonstrated by the 
abmpt dieoontinuities that ooour in tbe momsat o m s  at the point 
where, the 0-e is made &om the data obtained with the lorr angle of 
attack, straight sting, to that obtained with the high angle, b a t  
sting. 

As in r eferenoe 38 the mertafnty of the angle-of-attaok measure- 
ment is 10.16° and .the Maoh number may vary f0.01. 

The average b p O l d 8  numbers for  the investigation are 1,1308000 
and 71080008 but due to variatione in tunnel pressure and temperature 
the aotual value may oary from one t e s t  run to another by &20soQoI * - .  

I 
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The determination of the ao-1 defleotion angles of  the  control 
surfaaes waa made extremely di f f iou l t  by the small size of the models 
and the f ao t  that  these surfaces were bent  rather than m h i n e d  to 
the desired angle. As a resu l t  there was a bend radius rather than a 
d e f i n i t e  hinge line. HoTABver, the elZlvator deflections were measured 
carefully a t  six uniformily spaoed stations &or088 the span o f  eaoh 
wing and the average of these s i x  measurements i8 used in presenting 
the data, It is believed that the individual meaeuremente  were acourate 
t o  f0.05' but the values f o r  the  various stations  across the span of  a 
given wing varied by a s  muoh as 12' from the average  values. 

The rudder-defleotion  angles uere mbjeot   to   var ia t ions similar 
t o  those of the e levabra  and, in addition, the ahorde of the rudder6 
were not oonstant throughout their length. Consequently no attempt 

made t o  meawe the rudder-defleatign  angles  with a high  degree 
of acouraay and the nomkLalralue of -9 for the effective deflection 
angle of both rudder aonfigurations is subjeot to BP unoertainty of 
a t  least f 1'. 

RESULTS AND DISCUSSION 

Tests in Pitch,  Controls  Beutral 

The variations of lift, drag, and pita  moment wlth angle of 
attack were determined fo r  all Wble 11) through em 
angle-of-attaok range of  -5' to +lSOo this portfun of the iPvesti- 
gation a l l  .the ooarfiguratfone were tested with neutral elevators and 
rudders, 

The internal  drag ooeffioient for the B, oonfigurat.foas was 
determined at zero angle  of attack by the previously  discussed method 
and is plotted in the appropriate figures. The internal  drag oorreo= 
t i on  is assumed t o  be oonstant fo r  englee of attaok up t o  6'. 

Configurations Be and BB W, .- The data presented in   f igure 7 
indioate  that the body represents  the major portion of the  drag o f  

the partimlar oonfiguration. The lif't-ourve  slope &L 0.045) (m-  
of the B, W, oonfiguration is in general agreement w i t h  that obtained 
for a similar plan-form wing in  the  investigation  reported in referenoe 
30 The pitohing-moment aoeffioient  exbfbite a definite  nonlinear 
varfation w i t h  changing angle of attaok. As a result the neutral 
point varied  with angle of attaak. Beoauee of this effeot, the mmnt 
data are shown for  two osnter-of-gravity  positione (26 peroent and 
50 peroent M.A.C.) rather than moment w e  alope a8 a function of 

a 
t 

I .  
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A omparison of the ourves of figure 8 indioates that the meas- 
uied drag i s  only e l igh t lygrea te r  than would be predioted by the 
l inear  theory, oonsidering leading-edge ~uotio~. This result $8 not 
in agreement w i t h  the data presented in reference 3 for a of 
similar plan form but uith an isosoeles tr iangle for a i r f o i l  
seofion. Part of the apparent leading-edge mot ion  effeot shcmm in 
figure 8 is undoubtedly due to the use of mb809io a i r f o i l  m o t i o n .  
H m e r ,  it is possible that there i s  a favorable interaotion between 
the wing and body pressure fields because of t2m sits of the body in 
relation t o   t h e  wing. This latter possibi l i ty  is indioated by the 
small drag inoremnt at zero lif't betreen the drag of the B, and B, 
oonfigurations. (See f ig .  7 . )  The results of the present *estiga- 
tfon indioate  either leading-edge motion or wing-body inbraot ion  
effeota but do not indioate *ioh e f f eo t  predominates or why. Atrther 
researoh i s  neoessary to provide an 89-r to this question. 

B a  body h a s  approximately 20 p e r o h  less meas&=ed mtnbnum drag" 

internal  drag of .the body may be lower than that of the Ba body, 
this oould not be expeoted t0 aoooflpt for the eStire differerne in 
total drag beoause the internal drag of the  B, body is about 25 

entranae area6 for the 8, and B, oonfiguratiane were almost identioal 
but the entsenoe conditions were rmffioiently different so that .the 
internal  &-flow rate for the 3a bow was of the order of 26 percent 
greater than that of the Blo b o d y o  Although this might indioate a 
greater inte~rnsl drag for the B, oonfiguration, the udlplown differenoer 
ia internal pressure due t o  the duet shapes and internal f r io t ion  make 
any general  eonolusions impossible. 

I the otherwise similar oonf'igurettion w i t h  the B, body. Although the 

I -  

! -  peroent o f  the total drag of the oomplste aonfigurebtian. !the h a t -  

The sohlieren photographs of the twu oonf'iguratfoats (figs. I1 
and 12) offer a possible  explanation for the higher drag of the B, 
oonfigurations. IPfgure 11 shms that the bow shook wave of the 
ha We V' oonfiguration is attmhed to the ezrtranoe l i p  and is  
oompletely swallowed by the dmt. Figure 12 shows that a normal rhook 
warn Stand8 off the l5p of the B, entranoe. AZI entranoe of  t h i e  type 
is most efficient when the shook ware originating at the nose of  the 
entranoe aone interseeta the l i p  of the entranoe, when the lip eagle 
of entrance i s  identioal ~ 5 t h  the local- sb'eam angle, and When 
t h e  l i p   t a p e r s   t o  zero thicknea~. None of these oonditions -re met 

I 

. r 
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in the  model tested and consequently, 1 8  is shm, the  normal shock 
mve- was slightly  detached from the duct  lip. 

The lift-curve Slop of the  wing-body  oombination (B, uas 
unohanged by the addition of the V, vertical  tail,  and  the minfmum 
drag ooeffioient m a  inoreased by only 2 percent. The pitohing- 
moment-ooeffioient o w e s  are nonlinear and indioate a mall degree 
of instability at zero  lift  about the 60-peroent M.A.C. oenter-of- 
gravity position  and a definite  degree of stability  about the 25- 
psruent M.A.C. oenter-of-gravitg  position.  The shape of the moment 
curves is maoh that the longitudinal  stability  would  increase and 
then decrease with inoreasing lift. 

The  life-ourve slope for the ‘c, V, oonfiguration  is the same 
a8 that for the B, We0 VI configuration, but the  longitudinal  stability 
ie slightly less. 

tions are almost identiaal,  however, the lift-owe slope  of the twin- 
fin configuration  is 0.002 less than that of the  single-fin oonfigura- 
tfon (0.046), based on the 8 e m  wing area.  Thia ohanp,e uan be 
acdounted for by ooneideration of t h e  ohapge in wing  area  (table I). 
The  change  invertioal-fin  oonfiyration  had a negligible  effect on 
the  longitudinal  stability. 

C o n f ~ P ~ a t i ~  w60 0 -  The We0 F wiqz incorporates leading- 
edge fillets  which mre designed to deorease  the wave drag of the root 
of .the basio Vb wing. Cornpariaon of figures 10 and 14 shows  that  the 
addition of these fillets had no measurable  effeut on the  drag or 
lift-ourve slope and that the oomplete  model  with  the R16 OF wing was 
less atable longitudinally  due  to the forward movement of the center 
of pressure. Either the wave drag was not  deureased as expected or 
the  effeot was counteracted by the increase in friction  drag of the 
additional aurfabe area and by minor differences in the  internal drag. 

Configuration k vae- A oomparison of tihe drag curves of 
figures 10 and 16, neglecting  the drag increment due to the c W , c  in 
tail oonfiguratinn, shms that the drag increment due to the  pilot’s 
oanow is approxfmately 6 peroent of the measured drag of the 
4 0 b configuration. Tbe lift-oume slope and longitudinal 
stability were unaffeated by the  addition of the pilot’s canopy. 

Tests in Yaw 

The data obtained from fhe yaw test  are  shown in figures 16 to I 
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19 inclusi~.. The variation of drag,  aide  force, and yawing-mcment 
ooeffioients with angle of' yaw for the Bs We0 eonfiguration is shcrwn 
in figure 16. The wing-body ambination is definitely  direotionally 
unstable, butthe addition of the Vx vertioal tail causes t he  air- 
plane t o  be direotional  stable at least about the  2S-peroent X.A.C. 
position. (See fig. 173 The Va vertical-fin  configuration m s  not 
as effeotive as the V, configuration  and did not cause tihe airplane 
to be directionally shble. (See fig. 18.) 

' T h e  B12 Fa, VI omfiguration was direotionally  unstable  about the 
25-peroent H.A.C. point  and the addition o f t h e  pilot's canopy  caused 
the airplane to be e m  mre directionally unstable. (See fig. 19.) 

Elevator  and  Rudder Effectiveness 

The B, W V, eonfiguration was teated in pi tah  with rudder 
neutral and e%ator defleotions of Oo, -6.S0, -9.9' and -17.8O~ and 
in yaw w i t h  elevators neutral an8 rudder  deflectfons of Oo and -9'. 
The Bs We0 Pa configuration was tested in p i t c h  with rudders neutral 
and elevator  defleotions of 0' and -10.9*1 and in yaw with elevators 
neutral  and  rudder  defleotions of 0' and -9'. 

The effect of a detaohed bowwave,  whioh would ooour in flight 
at o e r t a i n  power s e t t i n g s ,  on -the stability and control of t h e  
B, l'J60 V, oonfiguration with  -9.9' elevator  defleotion  is shown in 
figure 20. A 0.875-inch diameter washer was fnstalled between the 
entrance oone and the inner body of the model with .the result that 
t h e  shook wave originating at t he  duot lip detached and m w e d  forward 
onto t he  entranoe cone about half way to t he  oone tip. The three- 
ooqonent data earn this test are shown in ffgure ZO(a). The lift, 
drag, and pitching-moment data for the  oonfiguration with the normal 
kternal flaw a m  shown for  comparison in figure 20(b). A comparison 
of the two figures  indicates that there  would be no stability  or trim 
ohange due to the forward movement of the shook wave, but that the 
minimum drag  would  inorease by 28 peroent for the particular  condition 
of internal  blookage which was tested. 

Figures 21 and  22 show the variation of llft with angle of attack 
for various  elevator  deflections for the B, Wso VI and B, reo V, 
configurations,  respectively. The data are presented  for the 
B, Trgo V, configuration at two Reynolds numbers. These data are 
oross-plotted in figures 23 and 24 to shmthe  variation of lift with 
elevator deflection. 

Figures 25, 26, 27, and 28 show the variatfon of pitohkug moment 
t with angle of  attack  for the various  elevator  defleotions  for the 

*'< .# 
-c - 

L 
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Bs Viw VI and B, V, configurations. In figures 25 and 26 the 
moments are taken about a pcint a t  50 percent of  the M.A.C., i n  
figures 27 and 28 at 25 percent of the M.A.C. As before  the  data 
for the Bs wso configuration are presented for two Reynolds 
numbers. The data from these curves are cross-plotted in figures 29, 
30, 31,  and 32 t o  show the variution of pitching moment with  elmator 
deflection  for  the various anglos of attaok. 

The effect  of approximately -9' rudder deflection on drag, side 
force, and p w i n g  moment f o r  the Bs We, VI configuration is  s h m  in 
figure 17. Slmflar data  for  the Bs ITSO V, configuration me shown in 
figure 18. Comparison o f  the two figures shows that the Bs IY,o VI 
configuration ha8 the greater rudder  effectiveness; the change in 25 
percent M.A.C. yawing-moment coefficient per degree of  rudder defleo- 
t ion being  approximately -0.0003 for  the Bs W m  VI configuration and 
-0.0002 f o r  the BS ITSO V2 oonfiguration. 

The wing-elevator oombinatian and the  vertical  fin-rudder oombi- 
nation of the  afrplane  tested in this  investigation are very similar 
in that they  are both triangular plan-form airfoils  with  constant- 
chord flaps.  Therefore,  the aerodynamic clmracteristios should be 
similar and any theoretical  treatment  that o m  be applied t o  m e  
should be equally  appliaable  to  the  other. 

Considering the elevators,  inspection of the curves reveals that 
both lift and p i t chkg  moments exhibit a variation  with angle of 
attack  that  i s  essentially  linear. The rate of variation  appears t o  
be independent of elevator  deflection. L i f i  and moment also vary 
linearly  with  elevator  deflection up t o  a deflection angle of' approxi- 
mately 13'. Above t h i s  angle of deflection  the  effectiveness of the 
elevator deCrea8eS. This c r i t i c a l  angle can  be  predioted from the 
characterist ics of two-dimensional oblique shook waves. 

It cen be shown that an oblique shook wave aannot exist beyond a 
certain  limiting  flow  deflection  angle, whioh is a M o t i o n  of the 
stream Lhch  number. Therefore it would be  expeoted tha t  when the 
elevator is deflected  sufficiently t o  produce the ur i t i ca l  fluw defleu- 
t ion anrle, the  oblique shock a t  the leading edge of the  elevator would 
detach and become a normal shock wave ahead of the elevator.  Caloula- 
tions indicated  that  the shock " r e  detaohment would ocour a t  12.5O 
elevator  deflection at a Kach n u r h r  of 1.530 

-m " lF,o cmonlsr used  parameters o f e l e k t o r  effeotiveness t%at o m  
be evaluated f'rok t h e  &ta obtained in t h i s  
slope of tile lift-elevator  deflection c-e 

investigation  are  the 
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I of the pitohing-moment elwator-deflection  curve bcxn A third Go 
parmeter as may be obtained by dividing '3 by  the lift-curve 
slope dcL These slopes -re measured at &=O0 but, because of  

the linear nature of the  curves o f  the basic data, t he  values tabu- 
lated below may be. assumed to apply over the entire  angle-of-attaok 
range investigated a.nd for elevator deflections up t o  12'. 

ivJ e 

ba. 

The effectiveness of t h e  constant-ohord elevator f o r  the complete 
tr.iangular w3ng oan be predicted ve olosely by an application o f  
Ackeret's theory. (See reference 7 7  The applioation of t h i s  theory 
depends on two assumptionsr (a) that the elevator fs essentially a 
rectangular flat plate  with no end effeots, and (b) t ha t  PO interaction 
occurs between the elevators and the wiq. With these assumptions, 
the change in lift due to the elevator defleotion is given by the 
following equations 

The change in  the 50-peroent X.A.C. pitohing moment is given by: 

Values o f  the effectimness parameters obtained are given in the 
following table8 

ac%h 
e 

0.0069 

lS7 

Bs Yft3 0 Vl B, Xso V, 
(Exper imnti 1 (Theory) 

0 . 7 1 X  le1 1.13 X lo6 

OaQO75 0.@087 0 w 0096 

.167 .191 ,211 * 

-moo37 -.OW -0 0040 

* Experimental d&. dCL used in determining this value. 
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Figure 33 shows tha t  the experimental  data agree with the theory 
up to the   cr i t ical   def lect ion angle  disoussed  previously. The good 
agreement between theory and experiment i s   p a r t i a l l y  due t o  the com- 
pensating effeot of neglecting  both  the loss of lift a t  the  elevator 
t i p s  and the carry-over of the   addi t iona l   l i f t  onto the fuselage. 

Tho theoretical  equations do not  include  viscosity  effects and 
comparison of the  various  effectiveness parameters shows tha t  the 

moment-produoing effeotiveness dCrn which was predicted most closely 8i-g’ 
by theory,  varied very l i t t l e  between the two Reynolds numbers a t  
which t e s t s  were made. On the other hand there is considerable 

variation Fn the  lift-producing  effeotiveness  with Reynolds 

number,but the  trend is such that the theory should more olosely 
predict  the measured value  as the t e s t  Reynolds number inoroases 
toward fill-scale  values. 

b6e 

A comparison o f  the  effectiveness parameters in the foregoing 
table, based on the  area ctf the flrll triangular wing, hdioa tes  that 
the  installation o f  wing-tip  fino had an adverse effect .  When the 
changes i n  wing and elevator  areas  are  considered, however, the 
elevator  effectiveness is unchanged. 

The effectiveness of constant-ahord trail ing-edge  ele~ators on 
a triangular plan-form w5ng was found to be independent of  angle of 
attack  through the  range investigated and the effectivoness was 
found t o  vary l inear ly  w i t h  elevator defleotion up to a o r i t i oa l  
angle which could be predicted. It was also found tha t  the elevator 
effectiveness  inoreased sometffhat with increasing Reynolds number 
with corresponding improvement in the agreement between experimental 
and theoretical  elevator  effectiveness. 

A l l  .the models t e s t e d  were longitudinally stable with the center 
of gravity  located at 25 peroent of the me821 aerodynmio ~hord .  How- 
ever, with oenter of gravity in  this   posi t fan,   a l l  of the  configura- 
t ions were either  direotionally  unstable or exhibited a degree of  
s t ab i l i t y  that appears t o  be marginal. 

The models tested exhibited a variation of drag w5th lift fiioh 
was.only slightly  greater  than  that  predicted by theory.  Additional 
research is neoessary t o  determine whether the indicated forward .. 



NACA RM NO. A7JOS 'I6 

rotaticn of the resultant faroe veotor is due to the airfoil motion 
aharaeteriatias or e0 favorable uing-bow interaotfas. 
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(a) Threequarter view. 
figure 2.- Gonoluded. 
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(a) Plan vim. 
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(d) Three-quwter view 
E'igure 4.- Conoluded. 
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(a) Plan view. 
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(a> Low angle-of"att;ack installation. 
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Figure 8. - Variution of drag coeffichn4 angle of attack, and  pitching  -moment coufficimt with 
/iff coeff/c&nt for the wing  and  fuselage (0' Wee) at I .  I3 X 106 Ueynofds number. _._ 
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Figure 9.- Variaf/on of drag coeffic~enf, angfi? of affmk, and pifcblng-mom& coeffici8nf 
with lift coefficienl for COflfigUrVtiofl 0. W, V, - 6, =Oo at I. I3 X IO6 Reynolds number. 
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F'igure 11.- 
at 1.13 X 

Profile schlieren photograph of oonfiguration B 12fmv1 
loEi Reynolds number. - 

figure 12.- Profile sowieren photograph of eonf'iguration BsK~oVI 
at 1.13 x lo6 Reynolds number. 
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FJgufe 13.- Varlat/on of drag coefficient, angle of aftack, and pitching-moment  coefficient wlth 
lift coefficient for conffgurat/on t& l#&, V, /, 13 X J@ Reynotds twmbe( 
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figure 14. - Variation of drag coefficient, angle of uttock, and pitcbing-moment  coefficient 
with lift coefficient for configurofbn 42 & o f  If - 6,=O0 at 1-13 X IO6 Reynolds  number; 
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Fgure 15. - Variafion of drag  coefficienf, angle of oftack, and pifching-moment  coefficienf 
with lift coefficient tbr configurofion, 6,= 0' at L l3 X lo6 Reynolds  number. r *. 
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Figure 16. - Voriat/n of drag,  side-force,  and  yowing-moment coefficients with  angle of 
yaw for  the wing ond fuseioge(Bs W, ) without vertical fin at I. 13 X IO" Reynolds 
number. 
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Figure IZ - Vorlotion of drag, side- ’ coefficient with ongle of *. 
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Figure 19.- Vurjafbn of drag, s/de-force, and yawing-momenf co8fficienfs wjfh angh of yuw 
for configurafjons BIP W,,Y and BIZ 

t 
" * d  t l . I3XlO6 Reynolds number. 

c 
"1 
op 

Y 

.n 

. .. . 



. . . . . . . . . . - . . . . , . . ... . . . . . . . . 

(a) internal  flow  parfiat&  blocked 
figure 20. - Vorafim  of drag  coefficient, angle of attack, and  pitching-moment  coefficiienf 

with lift coefficient for configuration 4 W, If - 4' -9.9" at /.I3 X lo6 Reynokfs  number. 

. .  . .  

. . . . . . . . . . 

I- 
o 

N 
0 

P 



-. . . . . . . . 

.R 

.* 
? 

m 

.. .. . . . .. .. ..  .. . . . .. ... . .. . . I 

Figure 20. - Concluded n 
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Figure 2/. - Effect of ehvufor def/ecf/on on the vuriution of /iff 
coefficenf wifh angle configurution B, wb0 Y. 
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Figure 22. - Zffect of devator deflection on tbe voriotion of  
/iff coefficenf with ong/e of  attack  for configuration B, %04$, 
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I €/evator  def/ecfion, 6. , deg. "4" 
I 1 

/a/ 0.71 X 106 Reyno/ds  number. 

of severa1  ang/es of attack for configurafion Bs W,, If. 
figure 23. - Variation of /iff coefficient with elevator deflection 
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Figure 24. - Variafion of /iff coefficienf with e/evufor deflecfion 
uf severu/ ung/es of uffack for configurafion Bs WcOG ut 
1.13 X / g S  ffeynoids number. 
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25.- E f f 8 C f   U f  8/8VUfOr &f/8Cf/On On fhe VUr/Ui/Of? O f  

50 percenf m.a.c. pitching-moment  coefficlenf with angle 
of uffuck for 
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fa) 0.71 X 106 Reyno/ds number. 
Figure 27.- Effect of elevufor deflection on fh8 vuriufion 

of 25 percent m.ec. pitching - momenf coefficient  wifh 
ungle of  uffuck fa &&&#f@p -* B s w s O 4 -  
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figure 28. - Effect of elevator deflection on the variation of 
25 percent m. a. c. pitching-moment  coefficient  with  angle  of 
affack for configuration 6s W,, of 1.13 X IO6 Reynolds 
number. 
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Figure 29.- Voriufion of  50 percent m. a- c. pitching-momenf 
coefficient wifh elevofor  deflecfion af severd angles of  affack 
for configuration 5s w& 5 . 
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figure 30. - Vuriafion of 50 percenf m. a. c. pifching-momenf 
coefficient wifh  etevuior  deflecfion of severat angtes o f  
attack for configuration BS cl~,, ~p of L /3 X /06 
Reynolds  number. 
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Flure 3/. - Variafion o f  25 percenf m. 0. c. pifcbing-moment 

coefficienf with elevafur 
dfuck for configurufion 

deflection  of several angles of 
Bs 460 Y ' 
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(b) l. l3 X lo6 Reynolds  number. 
' Figure 31. - Concluded. 
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Figure 32. - Vuriafion of  25 percent m.ac. pitching - momsnf 
coeffkienf  wifh efevufur deffecfion uf severu/ ang/es of 
uffuck for configurufion Bs W& at 1.13 X /OS Reynofds 
number. 
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figure 33. - €xper/menfo/ und fheoreficd effecfs of e/evofor 
def/ecfion on /iff cosfficienf and 50 percenf m. U.C. pifching- 
momenf coef  ficienf . 






